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Executive Summary 
The institutional linkages, south-south partnerships, and capacity building hands-on workshop on "Objective 
Climate Forecasts for Agriculture, and Food Security Sector in Eastern and Southern Africa" was conducted 
between August 31- September 4, 2021 in Victoria Falls, Zimbabwe. The workshop brought together more 
than 50 experts from National Meteorological and Hydrological Services (NMHS), Regional Climate Centers, 
Research Institutions, Agricultural and Food Security institutions, and actors from 15 Southern, Eastern, and 
Horn of Africa nations.  
Mr. Munesu Munodawafa, the Permanent Secretary of Zimbabwe's Ministry of Environment, Climate 
Change, Tourism and Hospitality Industry (MECCTHI), officially opened the event. The main objectives of the 
training workshop were to build the capacities of national and regional experts in objective seasonal 
forecasting, enhance the co-production of reliable and improved climate information and services in the 
agriculture and food security sector, and establish multi-institutional and multi-stakeholder dialogue and 
knowledge sharing platform to strengthen institutional linkages and south-south partnerships. 
The UN Economic Commission for Africa's Climate Research for Development (CR4D) initiative convened the 
workshop, which is funded by the Government of the United Kingdom of Great Britain and Northern Ireland 
through the Foreign Commonwealth Development Office (FCDO) within the Weather and Climate 
Information SERvice (WISER) Programme, the IGAD Climate Prediction and Applications Centre (ICPAC), and 
the CGIAR Research Program on Climate Change, Agriculture and Food Security East Africa (CCAFS-EA).  
ICPAC is a World Meteorological Organizations Regional Climate Center and a specialized institution of the 
Inter-Governmental Authority on Development (IGAD), while CCAFS is a program of the Consultative Group 
on International Agricultural Research (CGIAR). Both ICPAC and CCAFS, which have long-standing records of 
public service accomplishments on climate change in Africa, are members of the Institutional Collaboration 
Platform (ICP) – one of the three governing arms of the CR4D. Complementing ICP in the governing of the 
CR4D are the Oversight Board (OB) and the Scientific Advisory Committee (SAC). The CR4D secretariat is 
domiciled at the lead continental climate think-tank, the Africa Climate Policy Centre (ACPC) of the United 
Nations Economic Commission for Africa (UNECA). 
The workshop participants had the opportunity to practice the procedures developing the ICPAC objective 
seasonal forecasts. They practiced using Python-based Climate Predictability Tool (PyCPT) and ensemble 
regression method, which empowered them to generate the national seasonal forecast. Additionally, the 
co-production session enabled the participants to learn the theory and implications of co-production for 
generating reliable climate information and services for development and planning in the agricultural sector. 
To practice the idea of co-production, the participants were divided into five groups. They were provided 
questions where users, climate experts, agriculture experts, multi-institutional, and multi-stakeholders 
mixed to dialogue and share knowledge. Group representatives had a chance to present the result, 
highlighted the importance of such a rich discussion for co-producing climate services, and summarised the 
main points raised. Besides, they have emphasized the approaches were effective and provided 
recommendations. Furthermore, the workshop proved highly successful, demonstrating a keen appetite for 
closer collaboration and further consideration of future activities in similar contexts and content. 
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Introduction 
 
Climate research in Africa is fragmented and generally not demand-driven. As such, it is not responsive to 
the user needs, while improving climate services requirements are firmly situated within the contexts of 
Agenda 2063, Sustainable Development Goals (SDGs), and the Paris Agreement. The intensity and frequency 
of climate extremes are increasing, leading to disruptions in natural and socio-economic systems and 
attributed to climate change, which requires African-led and demand-driven research in the areas of 
mitigation, adaptation, resilience building, together with capitalizing on emerging opportunities. The Climate 
Research for Development (CR4D) initiative represents a paradigmatic shift to address these gaps and 
situate climate research into the broader development context. 
The CR4D is an African-led initiative supported by a partnership between the African Climate Policy Centre 
(ACPC) of the United Nations Economic Commission for Africa (UNECA), the African Ministerial Conference 
on Meteorology (AMCOMET), the World Meteorological Organization (WMO), and the Global Framework for 
Climate Services (GFCS) to strengthen links between climate science research and climate information needs 
in support of development planning in Africa. The initiative is governed through the Oversight Board, the 
Scientific Advisory Committee (SAC), and the Institutional Collaboration Platform (ICP), where the African 
Climate Policy Centre is the CR4D secretariat. 
The CR4D ICP is intended to serve as the marketplace for users and producers of climate information 
services (CIS), provide a space for coordination and continued dialogue for co-exploring, co-designing, co-
producing, and co-communicating CI and CIS in Africa. It comprises about 50 institutions participating and 
collaborating in climate science, research, academia, and user sectors. Given their long-standing record of 
work on climate change in Africa, both Intergovernmental Authority on Development (IGAD) Climate 
Prediction and Applications Centre (ICPAC) and CCAFS are members of the ICP and collaborated with the 
CR4D Secretariat in various research and capacity building thematic areas. 
The establishment of objective seasonal forecasting approaches in Regional Climate Outlook Forums 
through the adoption of suitable practices and capacity development efforts is one of the critical 
recommendations of the WMO. Hence, ICPAC, under its UK-FCDO Weather and climate Information Service 
(WISER) program, developed and implemented the Objective Consolidated Seasonal Forecasts from May 
2019. This objective seasonal forecasting now replaces a consensus-based subjective forecasting technique 
employed by the Greater Horn of Africa Climate Outlook Forums at ICPAC for the past 20 years. The change 
improves the quality and usefulness of the forecasts and is a significant milestone to build the resilience of 
communities in the region. As the first WMO Regional Climate Centre (RCC) to implement the objective 
forecasting approach in Africa, ICPAC acquired substantial experience in operationalizing processes and 
methods of objective monthly and seasonal forecasting and their applications. 
Accordingly, this workshop was organized by CR4D initiative in collaboration with ICPAC, and the CGIAR 
Research Program on Climate Change and Agriculture and Food Security East Africa (CCAFS- EA), 
Accelerating Impacts of CGIAR Climate Research for Africa in Eastern and Southern Africa (AICCRA-ESA) 
program to enhance institutional linkages, South-South partnerships, and awareness-raising on objective 
seasonal forecasting in agriculture and food security sector. The training workshop facilitated multi-
institutional and multi-stakeholder dialogue and created a knowledge-sharing platform to strengthen 
institutional linkages and south-south partnerships. Besides, the participants had the opportunity to 
practice the procedures developing the ICPAC objective seasonal forecasts. They practiced using Python-
based Climate Predictability Tool (PyCPT) and ensemble regression method, which empowered them to 
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generate the national seasonal forecast. In addition, the participants had an opportunity to present the 
result of the seasonal forecast and compare the climate service provided as a part of the national outlook 
forms. They have also highlighted the knowledge and skill learned and provided recommendations for 
further collaboration and improvement of the ICPAC objective seasonal system. 
Furthermore, the co-production session enabled the participants to learn the theory and implications of co-
production for generating reliable climate information and services for development and planning in the 
agricultural sector. To practice the idea of co-production, the participants were divided into five groups. They 
were provided with questions where users, climate experts, agriculture experts, multi-institutional, and 
multi-stakeholders mixed to dialogue and share knowledge. Group representatives had a chance to present 
the result, highlighted the importance of such a rich discussion for co-producing climate services, and 
summarised the main points raised. Besides, they have emphasized the approaches were effective and 
provided recommendations. In general, the objective seasonal forecasting training workshop strengthened 
the capacities of institutions and stakeholders at national and regional levels. It will improve the use of 
objective climate forecasts in the agriculture and food security sector. 
Opening Session 
 
Welcoming Remarks 
Mr. Frank Rutabingwa, Coordinator of WISER Project at ACPC, welcomes participants of the workshop and 
stated that CR4D advocates for homegrown Africa-led solutions to climate research in the areas of 
mitigation, adaptation resilience building, and capitalizing on emerging opportunities, is working with its 
partners to support Africa to utilize climate information services in line with the Sustainable Development 
Goals (SDGs), Paris Agreement and Agenda2063 aspirations. In fulfilling this ambition, the CR4D and its 
partners have brought together more than 50 senior experts from national meteorological and hydrological 
services (NMHS), and the agricultural and food security sectors are drawn from 15  Southern, Eastern, and 
Horn of Africa nations for a week-long advanced workshop in Victoria Falls, Zimbabwe.   
Dr. Zewdu Segele of ICPAC reiterated that the World Meteorological Organisation (WMO) had recommended 
implementing objective seasonal forecasting approaches to improve the application of reliable weather and 
climate information and services. Dr. Segele revealed that ICPAC, through the European Union (EU) funded 
ClimSA and the Co-production of Climate Services for East Africa (CONFER) as well as GCRF-African SWIFT, 
was looking at developing and delivering services in five key priority sectors of agriculture and food security, 
disaster risk reduction, energy, health, and water.    
Also speaking at the workshop was Dr. Teferi Dejene of CCAFS. He outlined the work of CCAFS on impacts 
of climate change adaptation and mitigation with greater emphasis on vulnerable communities. He noted 
that CCAFS had unveiled the Accelerating Impacts of CGIAR Climate Research for Africa (AICCRA), a new 
program seeking to increase and improve access to climate information services and validate climate-smart 
agriculture technologies in the continent.  AICCRA-ESA has prioritized the Eastern and Southern Africa 
regions and is working with the ACPC, ICPAC, alongside SADC to improve climate forecasts, strengthen and 
scale up agro-weather advisories, climate-smart technologies as well as build capacity in Africa. 
According to Dr. Yosef Amha of the CR4D Secretariat, the proposed institutional linkages, South-South 
partnerships, and awareness-raising, hands-on workshop is one of the avenues to streamline climate 
forecasts for the agriculture and food security sector in Eastern and Southern Africa. This is being 
undertaken by engaging national, meteorological, and hydrological services experts from the Eastern and 
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Southern African (ESA) countries and augmenting their capacities to use objective climate forecasts in the 
agriculture and food security sector. The second aspect of the workshop focuses on enhancing and building 
capacity for agricultural and food security experts from the Horn, East, and Southern African regions in 
applying objective seasonal forecasts to build resilience to climate variability and change. 
The African Climate Policy Centre (ACPC) chief, Dr. James Murombedzi, also addressed the hands-on 
workshop. "Millions of people in Africa are influenced by activities sensitive to climatic conditions. The 
significant gaps in the quality and availability of climate information to users limit the realization of potential 
benefits in many sectors and countries in the continent," Murombedzi said. According to Murombedzi, 
enhancing multinational collaboration to bolster resilience to climate impacts and sharing climate tools in 
objective forecasting to national meteorological and hydrological services in the IGAD and Southern African 
Development Cooperation (SADC) regions for improved applications in agricultural and food security 
services is a key objective of the workshop currently underway. He also mentioned the CR4D partner 
institutions and explained this partnership aims to harness the benefits of utilizing timely climate 
information for African Union member states. "Providing decision-makers with timely, accurate information 
on climate and weather variations can help inform decisions that enhance agricultural production and avoid 
harvest losses, thereby improving food security, lifting agricultural incomes, and increasing resilience of 
farmers to future shocks and stresses," Murombedzi says. 
Opening Remarks 
 
Also participating in the workshop, officially opened early this week by Mr. Munesu Munodawafa, the 
Permanent Secretary of Zimbabwe's Ministry of Environment, Climate Change, Tourism and Hospitality 
Industry (MECCTHI), are specialist participants from regional and international research centers. While 
acknowledging the role of weather in agricultural production and the need for continuous capacity building 
of African scientists to produce reliable, accurate, dependable, and sector-specific forecasts, they called 
upon the workshop to bridge this gap in demand for reliable forecasts. This, he said, could be achieved 
through introducing participants to the current state of the science and technology and enhancing capacities 
of experts from the National Meteorology Agencies, Regional Climate Centers, Agricultural and Food Security 
sectors in using the objective monthly and seasonal climate forecasting tools to guide their decisions making 
ability in agricultural and food security sectors. 
 
The Permanent secretary emphasized the need to inform farmers early on the likely weather situations for 
effective crop operations, although some agronomic strategies are now available to cope with changing 
weather. However, he said that the resources and technology get committed once the crop season starts. 
The only option left then is to adopt crop-cultural practices to minimize the effects of mid-seasonal 
hazardous weather phenomena while relying on advance notice of their occurrence. Thus, medium-range 
weather forecasts with a validity period that enables farmers to organize and carry out appropriate cultural 
operations to cope with or take advantage of the forecasted weather are useful. He highlighted the African 
region's vulnerability to climate change and that our region has not been spared from extreme weather 
patterns arising out of climate change. Thus, climate change is no longer an issue of academic interest but 
a reality that requires real solutions. In this regard, Africa should now be proactive in dealing with climate 
change issues. 
 
He expressed gratitude that this workshop is both timely and relevant as it comes at a time when the Paris 
Agreement highlights the importance of strengthening scientific knowledge on climate, including research, 
systematic observation of the climate system and early warning systems, in a manner that informs climate 
services and supports decision-making. He lamented that appropriate finance for research, dissemination, 
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and use of the results thereof in adaptation planning, has not been adequately provided to the climate 
science community and called upon the climate change community heading for the Twenty-Sixth 
Conference of Parties to the United Nations Framework Convention Climate Change (COP26) to be held in 
Glasgow, the UK in October and November this year,  to stress the need for climate finance that is directed 
towards research and systematic observation in Africa. He concluded by saying that let's choose to be the 
generation that led the African assessment and adoption of mitigation measures to climate change by 
contributing proactively to the search for solutions. 
Objectives and outcomes of the workshop 
 
The goal of this capacity development training was to build the capacity of NMHS and agricultural experts 
from Southern, Eastern, and Horn of Africa nation to use and apply the current state of arts in the ICPAC 
objective seasonal forecasting tools and introduce the concept of co-production and development of climate 
advisories in the agricultural sector. These goals were achieved through the implementation of the following 
overarching specific objectives: 
 
I. The participants introduced Linux commands data analysis techniques using NCL programs; 
II. Hands-on training on the ICPAC's objective monthly and seasonal climate forecasting successfully 
delivered to NMHS and agriculture and food security experts and practitioners from ESA; 
III. Having been introduced to the procedures of  objective forecasting tools, the participants began to 
work with the forecast data and scripts;  
IV. Hands-on exercises allowed the participants to navigate through the different options of the PyCPT 
script and get familiar with the creation of maps; 
V. The participants were able to interpret the new seasonal forecast products for better resilience and 
adaptive capacity in the agricultural sector;  
VI. Strengthened south-south collaboration and climate knowledge sharing between Eastern and 
Southern African countries and regional organizations; and  
VII. Lessons on the concept of co-production and developments in weather and climate advisories in the 
agriculture and food security sector learned. 
 
Training on the ICPAC’s Objective Seasonal Forecasts 
 
Dr. Ernest opened the Day-2 session by welcoming the participants and debriefing the activities on Day-1. 
Moreover, he outlined the general framework and goals of the training workshop and invited the presenters 
based on the schedule.   
 
Session I: Linux command, the NCAR Command Language (NCL) 
Dr. Hussen introduced the Linux operating system, advantages, and disadvantages of using Linux. He has 
further demonstrated the Linux directory and sub-directories structures. This session allowed the 
participants to learn how to use Linux commands syntax, specify multiple files, remotely log in to ICPAC's 
High-Performance Computer (HPC), file transfer, and use text editors. During the practical session, trainees 
were directed to access their accounts on the ICPAC high-performing computers (HPCs). This session also 
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provided the participants with hands-on training where they have typed Linux commands in the terminal 
and interpreted the output. The exercises allowed the participants to create directories, edit files, copy and 
transfer files in the terminal, following the Linux and ICPAC HPC tutorial. Dr. Titike and Mr. Anthony 
presented the practical data analysis and visualization techniques using NCL. This session covered essential 
topics, including NCL reserved keywords, syntax characters, reading files and variables, arrays subscription, 
and graphics. 
 
After learning Linux command, the NCAR Command Language (NCL), and ICPAC weekly, monthly, and onset 
forecast using the WRF model, the trainees generated the maps of Zimbabwe, Botswana, and Zambia using 
NCL (Fig. 1). The map encompasses the weekly mean temperature forecast from August 31 to September 7, 
2021. The introduction of such analysis tools helped the participant to understand the output of ICPAC 
objective seasonal forecast generated using Canonical Correlation Analysis in Python-based Climate 
Predictability Tool (PyCPT) and ensemble regression method. 
 
 
Figure 1. Generating ICPAC weekly temperature forecast maps using NCL and data analysis tools.   
 
Session II: Introduction to Seasonal Forecasting 
This session began with a presentation of climate variability and predictability over Southern and Eastern 
Africa. Dr. Titike, ICPAC, presented how the interaction between the atmospheres and underlying oceans 
provides the basis for probabilistic forecasts of climate conditions at a seasonal lead-time, including during 
cropping seasons in parts of Eastern and Southern Africa (ESA). He focused his presentation on Pacific Sea 
Surface Temperatures, associated with the El Niño Southern Oscillation (ENSO) and Indian Oceans Seas 
Surface variability, associated with Indian Ocean Dipole (IOD). He has shown the variability of these oceanic 
phenomena related to interannual rainfall variability over ESA in extreme cases; the impact leads to severe 
drought and humanitarian crises. Through a demonstration of the skill of dynamical seasonal forecasts 
systems, he has also highlighted forecasting climate fluctuations at a seasonal lead-time is possible because 
of the interaction between the atmosphere and the slowly varying ocean surfaces.  The skill of couple models 
is attributed to the slowly evolving SST primary source of predictability and the fact that climate models 
produce more skillful predictions of SST anomalies over the Pacific and the Indian Ocean. 
 
Following this, Dr. Zewdu, ICPAC, highlighted the understanding of the ICPAC objective seasonal forecasting 
as best practice for seasonal outlook. He said ICPAC, as a WMO regional center, practices the WMO guidance 
on operational practices for Seasonal Forecasting. Focusing on two streams, he has further discussed the 
WMO recommendations for good practices, including: 
 
I. Infrastructure: Data access, software, models 
II. Routine operation: Development and dissemination of seasonal outlooks 
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Moreover, he has explained the ICPAC objective seasonal forecasting procedures, which commenced in May 
2009. ICPAC applies an ensemble regression downscaling method using GCM model outputs from IRI and 
CHIRPS observed precipitation. Besides, ICPAC uses statistical approaches using PyCPT (accounting for large-
scale ENSO impact on the atmosphere). Finally, the consolidated objective seasonal forecasts are developed 
using equal-weighted averages. The probability of exceedance forecast reinforces the objective seasonal 
forecast as part of the seasonal outlook. Furthermore, ICPAC provides an onset forecast based on WRF 
forecast, but in the future, ICPAC plans to predict onset based on the C3S products. Overall, the objective 
forecast is doing very well. 
 
Dr. Ernest, from WMO, raised a question: why are all the models in your forecast system, instead of 
employing the model's skill evaluating system and selecting based on their performance which might reduce 
the computational time. Dr. Zewdu responded by saying ICPAC analyzes the models based on their 
performance in predicting ENSO. Some models might not have skills in predicting ENSO, but they have good 
skills predicting rainfall. A comprehensive model evaluation is in progress, and we hope we come up with a 
conclusion. E.g., ECMWF seasonal forecast has better performance over East Africa so far. 
 
Session III: ICPAC Seasonal Forecasts Using PyCPT 
Mrs. Eunice presented the use and application of the Climate Predictability Tool (CPT), a statistical-based 
tool developed at the International Research Institute for Climate and Society (IRI). CPT was used to construct 
seasonal forecasting models, perform model validation, and produce forecasts. PyCPT is a Python library 
that provides an interface and extra functionalities to IRI's CPT. She has further discussed PyCPT essential 
scripts, the basic structure of the PyCPT code, and working directories. Participants had the opportunity to 
follow through with the various sections of the PyCPT code and understood what each part does. All 
participants were able to make changes in the script to generate the seasonal forecast and successfully 
submit it for processing using the ICPAC cluster. The training on PyCPT was designed to provide the 
participants with skills in utilizing PyCPT scripts, downloading seasonal forecast data, and generating 
seasonal forecasts, including NextGen using PyCPT. 
 
Finally, the PyCPT forecast for three NMME models and the multi-model ensemble (NextGen) was produced 
for southern Africa's August-October, September-November, and October-December seasons. 
 
 
             (a)       (b)              (c) 
Figure 2. Three NMME models predicted precipitation percentiles generated with PyCPT a) August-October, 
b) September-November, and c) October-December 
 
In general, below-normal rainfall in the west and northeast part of southern Africa is predicted for August-
October (Fig. 2a). Similarly, the September-November season predictions show a chance for above (below) 
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average precipitation over the central (western and northern) part of Southern Africa (Fig. 2b). However, 
October-December predictions indicate wetter than average over the southern and equatorial of Southern 
Africa (Fig. 2c). The Pearson correlation and ROC scores skills were also produced by the three models and 
discussed (Fig. not shown). The NMME multi-model ensemble showed good skill over the western part 
compared to the eastern part of the Southern Africa region. Overall, the forecast showed high chances for 
depressed rainfall during August-October and wetter than usual conditions over much of the region in the 
October-December season. 
 
During the practical session, the participants were asked to explain individual national forecasting 
techniques and procedures utilized to produce seasonal forecasts. Some of the information as shared by 
country representatives are described hereunder; 
 
Zimbabwe and Zambia: Generally, Zimbabwe and Zambia use statistical approaches in seasonal forecasting. 
Linear regression employed the historical data (e.g., use July SST as predictor) to forecast OND, NDJ, DJF, JFM 
rainfall. They also use CPT to do canonical correlations of GCM Outputs and station rainfall. Besides, several 
models, including CFSv2, CANGEM, ECMWF, CMCC, and parameters were incorporated. Consider all skillful 
forecasts and subjectively come up with a consensus. SADC has also developed a climate forecasting tool 
(CFT) with which the member country can do a linear regression for multi-year precipitation. The tool allows 
the running of several models all at once. Furthermore, the best models are selected based on hit skill score, 
p-value, and ensemble mean calculation. This ensemble mean is used together with the CPT forecasts to 
develop the final prediction. 
 
Tanzania: Tanzania experiences a tropical climate, with bimodal rainy seasons over the northern part of the 
country; the heavy or "long/Masika" rainfall season between March and May (MAM), and the light or 
"short/Vuli" rains fall between October and December (OND). 
 
Usually, experts from different sections are given group individual tasks concerning the specific upcoming 
seasonal forecast. The tasks are based on: 
 
I. Performance and verification of the previous season help to understand the behavior of the last 
season's outlook, what went wrong if the performance found out to be poor, and explain the reason 
scientifically. Also, it helps evaluate the accuracy of the forecast and analyzes the impacts had on 
social-economic activities such as the agriculture sector. 
II. Analysis of the climate systems and physical conditions contributes to the coming season forecast. 
Here, analysis is based on different systems and conditions such as SSTs condition, ENSO, QBO, Wind 
patterns, etc. The current and forecasted situations are analyzed to obtain detailed information 
before developing the country's seasonal forecast. The analysis is based on NWP model products 
and observed global and regional data from various centers compared to climatology.  
III. Development of the coming seasonal forecast using statistical and dynamical tools, such as Climate 
Predictability Tool (CPT), Forecasting Tool Process (FTP), and analog years for statistical forecasting 
tools, is the third task. Weather Research and Forecasting (WRF) and output from global models are 
dynamic tools. 
IV. Few representatives are nominated to participate in the regional Climate outlook forum (COF) for 
the regions of EAC and SADC and produce country output, which will be used as one of the inputs in 
the discussion of the seasonal forecast production.  
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V. After several experts, media, stakeholders' meetings, the finalization of the seasonal prediction 
statement is prepared and disseminated. 
 
Session IV: ICPAC Seasonal Forecasts Using Ensemble Regression 
Dr. Hussen introduced the procedures to generate seasonal forecasts using ensemble regression, data 
sources, the global models used to produce the seasonal forecast, and the techniques for producing the 
seasonal forecast. As a part of the hands-on activity, he has explained the main script and functions used, 
including; 
 
I. Data downloading script;  
II. Calibration script for precipitation using ensemble regression;  
III. Monthly and seasonal out plotting script; and 
IV. Different directories and subdirectories 
 
He has also demonstrated the processes of the PyCPT and ensemble regression final output and showed 
how to edit the plotting scripts. The trainees were divided into five groups; with the support of the ICPAC 
team able to perform data processing and generate a seasonal forecast for selected countries both in 
southern and eastern Africa. 
 
Session V: Participants Presentation on Seasonal Forecasts  
After the training on consolidated objective seasonal forecasts, including the procedures of generating using 
ensemble regression, statistical approaches using PyCPT, and data analysis and display tools, the participant 
had an interactive session. They worked in groups to generate and discuss seasonal forecasts its applicability 
for selected countries. Additionally, group representatives had a chance to present the generated seasonal 
forecasts. After providing hands-on training to upgrade participants' capacities in using objective climate 
forecasts, the introduction of the ICPAC HPC, and data analysis and display tools, they were able to produce 
seasonal forecasts at the national level. In addition, the participants had a chance to present the result of 
the seasonal forecast, and they have compared it with the seasonal forecast provided the national outlook 
forms. 
 
 
Figure 3. The October to December 2021 OND Objective seasonal forecast and skills for Kenya. The outputs 
are from three Global climate centers models, processed and generated based on the ICPAC forecast system 
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Kenya: Frankline presented the seasonal forecast output from Kenya. He has explained the October to 
December (OND) 2021 objective seasonal forecast and skills for Kenya (Fig. 3).  The results are from three 
Global climate centers models, processed and generated based on the ICPAC forecast system. The national 
forecast shows below-average rainfall; a particularly red alarm has been forecasted livestock production 
area over the northeast part of Kenya. OND has a significant fraction of the annual total rainfall season in 
the country. Additionally, during MAM, the rainfall in Kenya was below normal, and below average for the 
coming season might lead to disaster. Based on the climate information produced, he has recommended 
early action to mitigate impacts.   
 
Malawi: James presented the seasonal forecast output from Kenya. He has explained the October to 
December (OND) 2021 objective seasonal forecast and skills for Malawi (Fig. 4).  He has shown the PyCPT, 
ensemble regression, and average three Global climate centers models, processed and generated based on 
the ICPAC forecast system. The national seasonal forecast for Malawi indicates above-average rainfall for 
the southern areas, with over 40 percent chance of attaining above-average rains than usual predicted 
based objective seasonal forecast. 
 
 
Figure 4. The October to December 2021 OND Objective seasonal forecast and skills for Malawi. PyCPT 
forecast (left), ensemble regression forecast (middle), and average forecast (right) 
 
On the other hand, the model skill performs poorly for a large part of the country, while the skills are better 
for extreme North and Southern tip of the country (Fig. 4, bottom right). The trainee from Malawi also 
compared the nationally issued forecast with the ICPAC forecast, and the results are a close comparison. 
 
As a closing remark, Dr. Zewdu: demonstrated the ICPAC forecast system by selecting a case forecast for 
Southern Africa and showed how to download observation data from the IRI database and interpolate the 
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model data to the observation grid. He has further explained the same procedure applies to the forecast 
script to download forecast data from the IRI database. Following the presentations and debrief, the training 
workshop was closed for the day. 
 
Day 4 began with a presentation on Co-design and delivery of climate information at the subseasonal-to-
seasonal (S2S) time scale. Dr. Pokman deliberated CR4D's overriding mission as an enabling environment 
for effective decision maker-scientist collaborations to Co-explore, co-design, co-produce, and co-
communicate climate information and services. Moreover, he presented the initiative on S2S prediction over 
central Africa, which aims at assessing the skill of available S2S forecasts to capture seasonal characteristics 
useful for agriculture over central Africa (e.g., the onset of the growing season, the occurrence of dry spells 
during the growing season). The initiative was started by assessing the type of climate information and 
services required by users and stakeholders. Further, he has employed five sub-seasonal-2-seasonal (S2S) 
forecast systems, including BoM, NCEP, ECMWF, HMCR, and CMA.  Finally, he has summarized his 
presentation with the following point:  Seasonal forecast advance in time but does not have detailed 
information and S2S model unable to forecast onset dates.    
 
First, Dr. Ernest introduced the link between agriculture and food security with weather and climate 
conditions. This was followed by his presentation on enhancing agricultural productivity through the uptake 
of seasonal climate information. He praised the benefit of this workshop, as it will provide an opportunity 
to incorporate tailored decision-making seasonal climate information into agricultural development. He has 
also discussed the need to understand users and stakeholder engagement and the climate services value 
chain for agriculture and food security. Further, he has said research, modelling, and prediction are crucial 
and strong developmental links to joint climate and agriculture and food security applications, studies and 
metrics, and creating new products and services for the needs of the agriculture and food security 
communities.   
 
Focusing on the policymakers – user community linkages, he has reviewed the outcomes of a successful 
user interface only achieved through feedback, dialog, outreach, and evaluation—additionally, the socio-
economic benefits of tailored seasonal climate information to agriculture and food security. In conclusion, 
he has provided the following takeaway messages: develop effective partnerships, monitor and respond, 
support agriculture decision-makers and enhance operational and technical cooperation. 
 
After Dr. Ernest's presentation, questions and discussion followed. To address the vitality of co-production, 
one of the participants stated, farmers need to understand above average, average, and below-average 
climate advisories. Thus, to improve the stakeholder's perception and production and dissemination of 
climate information, it is recommended that governments need to revise the school curriculum to 
incorporate weather and climate information. 
 
The third presentation in this session focused on initiatives in crop capability prediction modelling as part 
of a decision support system for agriculture and food security in sub-Saharan Africa. Dr. Bradwell presented 
the significance of the crop prediction model and incorporated climate information to enhance agricultural 
productivity. Seasonal climate forecasts can be used as input to crop yield modelling. Crop yield forecast 
requires a weather generator, which implies seasonal forecast downscaled regional level. One such model 
is Decision Support System for Agrotechnology Transfer (DSSAT) – a software application program that 
comprises dynamic crop growth simulation models for over 42 crops. DSSAT requires a daily seasonal 
forecast. Weather generates applied to downscale three monthly forecasts to daily basis.   
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Co-production of Weather and Climate Advisories 
 
The second session of the fourth day focused on the understanding concept of co-production and 
development of weather and climate services in the agriculture and food security sector. Two presentations 
were made to overview the different types of co-production processes, approaches, and principles. Further, 
the development and steps of developing advisories at the regional level are discussed.  This was followed 
by an interactive session, in which the participants were assigned a question and worked in 5 small groups 
to discuss and share multidimensional aspects of co-production. 
 
Concepts of Co-production 
Mr. Calistus presented the concept and elements of co-production, particularly tailored to weather and 
climate service in agriculture and food security sectors. He has also briefly introduced the ten principles of 
co-production that were developed as a part of WISER. Besides, the participants were introduced to different 
aspects of an effective co-production approach, the essential building blocks, and the benefits associated 
with the co-production of weather and climate services. Generally, a bottom-up approach ensures that the 
climate information completes a feedback loop. 
 
Development of Weather and Climate Advisories 
To put the session into perspective, participants were given detailed information on the development of 
weather climate advisory for the agriculture and food security sector. Mr. Calistus discussed decision-
making in highly variable weather and changing climate environments. Further, he has explained the 
procedures of developing climate advisors and outlined some key steps: clear understanding of interactions 
between agricultural value chains and weather and climatic parameters; participatory and all-inclusive 
process; co-production platforms (regional, national, sub-national, and community levels). The 
procedures/steps GHACOFs climate outlook seasonal advisories presented demonstrate the development 
of climate advisors steps at the regional level. 
 
Group Discussion, Presentation, and recommendations 
Following all participants were invited for discussion. There was a concern that co-production practices are 
mainly evident in areas where projects are active and tend to stop once the projects come to an end. It was 
proposed that the relevant ministry should lead ministerial meetings with a national advisory council or 
similar structure. To help streamline the process in operations, all countries have developed a national 
climate strategic framework document, but more needs to be done to ensure progressive implementation. 
Another issue that came into the discussion was the need for effective communication, especially to the last 
mile user. It was noted that there is no 'fit-all approach and channels such as mobile SMS and voice SMS can 
be used, and collaboration with media and NGOs is essential. 
 
This was followed by an interactive session, in which the participants divided themselves into five groups. 
The various aspects of co-production that were discussed cover understanding the user needs and 
characteristics, narrowing the gap between producers and end-users in co-developing climate information 
that responds to the user needs. The groups then presented the result of key discussion points and 
conclusions. The rest of the participants contributed their comments on each of the presentations. A 
summary of group presentation summarized as follows: 
 
Group-1: Do climate information producers understand the decision-making contexts and actions of 
agricultural and food security value chain actors at all levels of operation? Ethiopian participants responded 
yes and said co-production is usually held before the start of the season. Similarly, the National-climate 
outlook form brings all sectors together. On the other hand, the Zimbabwe representative points out the 
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challenges in understanding decision context at the various levels remains a hurdle. The participants in 
group-1 agreed and recommended: the need for capacity building, actor mapping, tailored information, 
access to information, and sustainable user-producer engagements. 
 
Group-2: How often are stakeholders in the agriculture and food security value chain involved in the co-
designing, co-development, and co-delivery of climate products and services? This group sought first to 
understand all the actors in the agriculture and food security value chains. This was important as it gave a 
background on who and what point they should be involved. Participants emphasized the following 
challenges: under-representation of stakeholders’ co-development, the limited capacity of NMHSs agencies, 
and dependency on donor funding. The participants in this group provided a summary of recommendations, 
including the need national framework for climate services (NFCS), availability of governments funding, 
WMO support for guidelines and funding, GCF funds, and availability of a focal person at the ministry of 
agriculture. Dr. Teferi informed the participants of the availability of funding from the World Bank: e.g., the 
CCAFS project supports the development of the Ethiopia National framework for climate services. Further, 
he has recommended preparing a regional framework for climate services.   
 
Group-3: How do the agriculture and food security sector users translate the climate information for 
decision-making? The group raised discussion points, conclusions, and recommendations to respond to the 
question. The participants in group-3 agreed and recommended: the need meteorology department to 
develop climate advisories to build the capacity of the user institutions; agriculture institute to interpret and 
disseminate climate information; seed, fertilize, and agrochemical corporations to stock required inputs; 
farmers to be able to crop based on climate advisories and plan for harvest; and aggregators should be able 
to estimate commodity capacity and make financial and warehousing.   
 
Group-4: How can we break institutional and organization silos to transform climate information into climate 
services for the agriculture and food security sectors?  This group listed the following organizations as users 
of climate information, agriculture–extension services, farmers, universities and research institutes, 
transport (Aviation, road, shipping), Economic planning, private-sector, insurance companies. Besides, the 
following are discussed as silos of implementation of climate information: lack of awareness, lack of 
confidence, unwillingness to share, competition for resources, unhealthy competition amongst institutions. 
The participants suggested the following ideas to mitigate the challenges. Understand the importance of 
integration; involve national planners; develop appropriate legislation to break silos, form inter-ministerial 
task teams, use reach output, improve awareness, constitute collaborative projects, and MoUs facilitate co-
ownership of products through co-production, building dialogue on continuous assessment and feedback, 
evaluation and monitoring, constant engagement, characterize the level of uncertainty, discuss verification, 
improve language and communication, understand and integrate indigenous processes, and organize 
community engagements programs. 
 
Group-5: What are the key indicators for an effective climate service for agriculture and food security?  The 
participants in this group classified players of effective climate service into three: producers, policymakers, 
and users. Therefore, the producers need to confirm the availability, accessibility, delivery of climate 
information and updates.  Similarly, users need to make sure they are in reach of climate information, 
prepare agricultural input, use platforms (radio, tv, social media, extension services, and local systems). 
While policymakers need to make informed decisions, do proactive interventions, and build strong 
institutions. 
 
As a closing remark, the participants recognized that the workshop covered cross-cutting themes related to 
objective seasonal forecasting and co-production of climate services.  Based on the presentations and 
discussions at the workshop, participants identified a range of priority activities to be undertaken to practice 
co-production and advance the absorption of climate service in the agriculture and food security sector. 
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Moreover, they have emphasized the approaches were effective and provided recommendations. In 
general, the objective seasonal forecasting training workshop strengthened the capacities of institutions 
and stakeholders at national and regional levels. Furthermore, the workshop proved highly successful, 
demonstrating a keen appetite for closer collaboration and further consideration of future activities in 
similar contexts and content. Dr. Zewdu, on behalf of ICPAC, appreciated the active engagement of all 
participants that contributed to the workshop's success. He has also acknowledged his colleagues, the 
AICCRA-ESA, UNECA organizers team, and particularly Dr. Yosef for a successful workshop arrangement. 
Following this, Dr. Teferi thanked the participant, ICPAC, and UNECA for bringing their expertise and 
experience. In particular, he acknowledged active participants from Southern Africa countries. In addition, 
on behalf of UNECA, Dr. Frank appreciated the participant for attending to the end, thanked ICPAC and 
CCAFS for providing an enriching experience. Finally, Dr. Yosef acknowledged the active engagement of 
participant workshop reporters, his colleges, and the organizing team.   
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Annex 1: Workshop Schedule (August 30 – September 4, 2021) 
 
Time schedule Activity Facilitator Chair 
Day 1 
10:00 – 10:15 Welcoming session 
• CCAFS 
• ICPAC 
Teferi Demissie 
Zewdu S 
James M 
Frank R. 
10:15 – 10:30 Opening remarks Munodawafa M 
10:30 – 11:00 Introduction of participants Participants 
11:00 – 11:15 Coffee break 
11:15 – 12:00 Supporting Africa's transformation in an evolving 
landscape of climate change and development 
James M Frank R 
12:00 – 12:30 Question and answers Participants 
12:30 – 13:00 Photo session Participants 
13:00 – 14:00 Lunch 
Day 2 
09:00 – 10:00 Introduction to Linux and working on ICPAC HPC Hussen S 
Anthony M 
Ernest A 
10:00 – 10:30 Introduction Atmospheric Data Analysis and 
Display Tools (NCL)   
Masilin G 
Titike B 
10:30 – 11:00 Introduction to Weather and Climate Forecasting 
using WRF 
Masilin G 
Anthony M 
11:00 – 11:30 Coffee break 
11:30 – 13:00 NCL- Demonstration Masilin G 
Titike B 
Wilfried P 
13:00 – 14:00 Lunch 
14:00 – 15:00 WRF Forecast – Demonstration Mesilin G 
Anthony M 
Wilfried P 
15:00 – 15:30 Eastern and Southern Africa Climate Variability 
and Predictability 
Titike B 
15:30 – 16:00 Coffee break 
16:00 – 16:30 Introduction to Objective Seasonal Climate 
Forecasting 
Zewdu S Wilfried P 
16:30 – 17:00 Introduction to PyCPT Eunice K 
Day 3 
09:00 – 09:45 Codesign and delivering of Climate Information at 
S2S time scale 
Wilfried P Yosef A 
09:45 – 10:30 The evolution of Climsoft – climate data 
management system 
Albert M 
10:30 – 11:00 Coffee break 
11:00 – 11:30 Data processing and downloading NMME models 
– understanding the scripts 
Eunice K 
Masilin G 
Bradwell G 
11:30 – 13:00  Generating regional and national forecast using 
PyCPT – hands-on exercise 
Eunice K 
Masilin G 
13:00 – 14:00  Lunch 
14:00 – 17:00 Procedure to generate NMME forecast using 
Regression – understanding scripts; data 
downloading and processing 
Zewdu S 
Hussen S 
Teferi D 
Day 4 
09:00 – 10:30 Questions and discussion on PyCPT and 
Regression forecast 
Participants Teferi D 
21 
 
 
Workshop on Objective Climate Forecasts for Agriculture and Food Security Sector in Eastern and Southern Africa 
10:30 – 11:00  Value chain of system in weather and climate 
services from nowcasting to multidecadal 
timescales 
Mary-Jean Bopape Frank R 
11:00 – 11:30  Coffee break 
11: 30 – 13:00 Regional and national bias corrected forecasting 
using Regression 
Zewdu S 
Hussen S 
Frank R 
13:00 – 14:00 Lunch 
14:00 – 15:00 Procedure to generate consolidated objective 
PyCPT and Ensemble Linear Regression seasonal 
forecast – understanding the script 
Zewdu S 
Hussen S 
Ernest A 
15:00 – 15:30  Coffee break 
15:30 – 17:00 Finalization consolidated regional and national 
objective forecast – hands-on exercise 
Zewdu S 
Hussen S 
Ernest A 
Day 5 
09:00 – 09:30 Enhancing agricultural productivity and food 
security  
Ernest A Zewdu S 
09:30 – 10:00 Concept of coproduction Calistus W 
10:00 – 11:00 Group discussion on the use of climate 
information for agriculture/ food security 
Calistus W 
Teferi D 
11:00 – 11:30  Coffee break 
11:30 – 12:00 Development of weather and climate advisories 
for agriculture/ food security 
Calistus W Yosef A 
12:00 – 13:00 Crop capability prediction modelling as part of 
decision support system for agriculture and food 
security in Sub-Saharan Africa 
Bradwell G 
13:00 – 14:00 Lunch 
14:00 – 15:15 Use of the Tercile and Deterministic Forecast for 
crop variety selection – hands-on exercise  
Teferi D Ernest A 
15:15 – 16:30 Determining planting dates based on onset 
forecast 
Teferi D 
Jemal S 
16:30 – 17:00 Group discussion on the outputs of the hands-on 
exercises 
Group chairs 
Day 5 
09:00 – 10:00 Presentation and discussion on agro-advisory Teferi D 
Jemal S 
Frank R 
10:00 – 10:30 Coffee break 
10:30 – 11:30 Discussion on the way forward and potential 
collaborations 
Participants  Frank R 
11:30 – 12:00 Closing remarks CCAFS 
ICPAC 
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Annex 2: Photos from the workshop   
 
 
 
Opening remarks by Mr. Munesu Munodawafa 
 
 
Participants of the workshop 
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Annex 3: List of Participants  
 
Name of participant Country Email address 
Bekele Abeshu Ethiopia bekeleabeshu@gmail.com 
Berihu Demewoz Ethiopia berihudemewoz@gmail.com 
Berhanu Assefa Seyoum Ethiopia berhanuassefa186@gmail.com 
Ashenfai Gedamu Gobena Ethiopia ashwei205@yahoo.com  
Girma Mamo Diga Ethiopia mamogirma2018@gmail.com  
Tigist Mebrahtu Ethiopia aklile201@gmail.com  
Ernest Asi Afiesimama Ethiopia EAfiesimama@wmo.int  
Yosef Amba Amde Ethiopia amhay@un.org 
Tariku Agoji Menji Ethiopia agoji@un.org 
Amanuel Gebremariam 
Meles 
Ethiopia gebremariam@un.org 
Almaz Belay Legesse Ethiopia belay.uneca@un.org 
Houssien Darar Dirieh Djibouti hdd03122@gmail.com  
Dalal Homoudi Sudan dalalhomoudi83@gmail.com  
Aciek Thukul Ayom South Sudan aciekthukul100@gmail.com  
Abdirashid Jama  Somalia abdirashid.jama12@gmail.com 
Hussen Seid Endris Kenya hussen.seid@igad.int  
Masilin Gudoshava Kenya masilin.gudoshava@igad.int  
Zewdu Tessema Segele Kenya zsegele@icpac.net 
Calistus Wachana Kenya wachana26@gmail.com   
Anthony Mwanthi Kenya anthony.mwanthi@igad.net  
Titike Kassa Bahaga Kenya titike.bahaga@gmail.com  
Eunice Koech Kenya eunice.koech@igad.net  
Frankline Komolkori Kenya frankom09@gmail.com 
Peter Kimwele Mwandikwa Kenya  kimwand@yahoo.com 
Elizabeth Ngungu Kenya  e.ngungu@cgiar.org 
Lawrence Aribo Uganda arbo311@yahoo.co.uk  
Doreen Mwara Anade Tanzania doreenmwara@gmail.com 
Zaninabu Twahilu Sheuya Tanzania zayshey@yahoo.com  
Frank Rutabingwa Rwanda rutabingwa@un.org 
Taye Kufa Obso  Burundi t.kufa-obso@cgiar.org 
Wilfred Pokam Congo wpokam@yahoo.fr 
Gloria Kasongo Malawi gkasongo@nasfam.org 
Noel Banda Malawi bandanoxy@yahoo.com 
James Pagona Malawi jpagona@gmail.com 
Kenneth Gastone 
Sinachikupo 
Zambia sinachikupo@gmail.com 
Bradwell Jonathan 
Garanganga 
Zimbabwe bjgaranganga@gmail.com 
Tamburiro Tecla 
Pasipangodya 
Zimbabwe tambupasi@yahoo.com   
Lucy Samyura Motsi Zimbabwe lucysm89@gmail.com  
Austin Masikinye Zimbabwe amasikin@gmail.com  
Muhwati Tiriyanhu Zimbabwe tirimuhwati@gmail.com  
Ndidzano Kudzai Zimbabwe kudzie013@gmail.com  
Charity Denhere Zimbabwe charitydenhere@gmail.com  
Albert Mhanda Zimbabwe AlbertMhanda@gmail.com  
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Washington Zhakata Zimbabwe washingtonzhakata@gmail.com  
Matsika Rufaro Nyasha Zimbabwe rufaromatsika@gmail.com  
Munashe Mukonoweshuro Zimbabwe munamuko@gmail.com 
Emily Matingo Zimbabwe emilymatingo@gmail.com  
Nesbert Samu  Zimbabwe nesebertsamu@gmail.com 
Munesushe Munodawafa Zimbabwe munesu2@yahoo.com  
James Murombedzi Zimbabwe murombedzi@un.org  
Diane Sibanda Botswana dian.sibanda@gmail.com  
Jonas Zucule Mozambique jnzucule@gmail.com  
Mary-Jane Morongwa 
Bopape 
South Africa  mary-jane.bopape@weathersa.co.za  
Jemal Seid Ahmed Italy jemals@iri.columbia.org 
Teferi Dejene Demissie Norway t.demissie@cgiar.org 
Kidist Kelbessa Dinku Norway kidistdinku74@gmail.com  
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